Multiple sRNA's corresponding to a single amino acid have been demonstrated by several different experimental techniques. These physically distinct sRNA's for the same amino acid appear during the fractionation of sRNA by countercurrent distribution (CCD),la 2 with methylated albumin columns,3 or gradient partition chromatography. 4 They have also been shown by enzymatic5' 6 and chemical methods. 7 Approaches to establishing the physiological uniqueness of these mutiple sRNA's have been concerned with their specificity: (1) in being charged by homologouslb and heterologous activating enzymes, and (2) in conveying an amino acid to a particular synthetic or natural messenger RNA (mRNA) template.
Numerous reports have appeared which compare the attachment of amino acids to sRNA by homologous and heterologous activating enzymes.5 6, 810 In the case of methionine and leucine, the partial charging of E. coli sRNA that occurs with a heterologous yeast activating enzyme has been physically resolved. It has been shown that there are multiple methionine and leucine sRNA's in E. coli and that only some of these can be recognized by the yeast enzyme. 5' 6, 9 The specificity of the multiple sRNA's in polynucleotide-stimulated polypeptide synthesis has also been investigated.1'-3 In the case of leucine, an ambiguous and several redundant mRNA codons have been suggested:14 15 U2C,1" C2U, U2G, and U3. Weisblum et al."1 have found two distinct leucine sRNA's which correspond to the UC-and UG-containing templates, and have suggested that there is a unique sRNA corresponding to each template codon for a particular amino acid. In a highly redundant or degenerate code, there should be multiple sRNA's, each with the same amino acid specificity, but with different anticodons, correlated with the multiple codons for certain amino acids.
We wish to report studies that elaborate the physiological differences of the multiple forms of leucine and of serine sRNA's which can be separated by CCD. Detailed investigations on the charging of these E. coli sRNA's by the heterologous yeast enzyme will be summarized. In addition, we will present further evidence in support of a molecular basis for coding redundancy or degeneracy at the level of sRNA. Preliminary reports correlating the physiological and chemical heterogeneities of these sRNA's have been presented. 16, 17 Materials and Methods.-Crude sRNA was prepared from fully grown E. coli B as described by von Ehrenstein and Lipmann. 18 sRNA used for CCD was prepared as described by Holley et al.'9 for yeast. The CCD fractions used in these studies were obtained from the 970 transfer distribution (1.7 M phosphate system) previously described.2
Amino acid-activating enzymes and the amino acyl sRNA which was used in polynucleotide-stimulated polypeptide synthesis, were prepared as earlier described.6 S-30 was prepared according to the procedure of Matthaei and Nirenberg.20 The protein concentration was 12 mg per ml.
Results.-Attachment of serine to E. coli sRNA by yeast enzyme: A crude yeast activating enzyme preparation charged E. coli sRNA to only partially the extent that E. coli enzyme did ( Conditions and procedures as in Table 1 , with incubation at 350 for 15 min. Tile isolation of the sRNA fractions by CCD has been reported. 2 The coding characteristics of seryl-sRNA's: Although the coding characteristics of the yeast-charged and E. coli-charged sRNA's appear grossly similar, the fractions isolated by CCD responded differently in polynucleotide-stimulated polypeptide synthesis. No differences could be detected in serine polymerization from yeastor E. coli-charged C14-seryl-sRNA in polynucleotide-stimulated polypeptide synthesis (Table 3 ). Both seryl-sRNA preparations functioned similarly with either poly UC (1:1) or poly UAC (6:1:1); neither seryl-sRNA responded with poly UG (5:1) or poly UA (6:1). ;smoles of MgCl2, 0.1 mg of C12 aminoacyl sRNA omitting serine, 60 pl of S-30, 10 ,g each polynucleotide, and the C'4-seryl-sRNA indicated. After incubation at 300 for 25 min, the reaction wasTstopped by addition of 7% TCA, and the resulting precipitate was digested for 15 min at 90°, washed on a Millipore filter, and counted.
The no-polymer-response was subtracted in each case.
Serine has been assigned the following redundant or degenerate codons: U2C, C2U, UAC, and AGC.14 15 The idea of a molecular basis for translating these multiple codons-a distinct serine sRNA for each template-suggests that sRNASer I and sRNA er II should show differences in their response to different codons. To determine whether one of the serine sRNA's fits a U2C codon-the other, C2U-we have examined serine incorporation into polypeptide under the stimulation of Urich and C-rich copolynucleotides. Figure 1 shows the kinetics of serine incorporation into polypeptide from unfractionated sRNA. Poly UC (1: 8), rich in cytidylic acid, stimulates as much incorporation into hot 20 per cent trichloroacetic acid-insoluble material as does a high U-containing copolymer, poly UC (5:1).
In Figure 2 , C14-serine incorporation from sRNASer I and sRNASer II is compared with poly UC (5: 1) and poly UC (1: 8) templates. Although the kinetics of serine incorporation into polypeptide are similar with both sRNA's, incorporation from the SRNASer I occurs preferentially with C-rich copolynucleotides. Serine polymerization from sRNAser II is just the reverse. Poly UC with a high U content stimulates more serine incorporation than does the C-rich copolynucleotide. These PROC. N. A. S. Fig. 1 . The reaction mixture, 1.25 ml, contained a total of either 23,000 cpm C14-seryl sRNAOer I or 12,500 cpm C14-seryl sRNAser II.
At the time indicated, 0.2-ml aliquots were taken and processed as in Fig. 1. results suggest that the sRNAser I fraction is rich in sRNA that fits a C2U template, while the sRNASer II fraction is rich in one that fits a U2C template.
Attachment of leucine to CCD fractions of E. coli sRNA by yeast enzyme: We have reported6 that a yeast activating enzyme can charge E. coli peak I leucine sRNA (sRNALeu I) but not peak II (sRNALeu II). Yamane and Sueoka,9 using a different approach, reported similar results. Recently, the two leucine sRNA peaks have been further fractionated by CCD.2, 21 The sRNALeuI , the major peak, yielded two distinct peaks, each still displaying some heterogeneity. We have designated these peaks sRNALeu IA and sRNALeu IB* The peak II fraction was partially separated into two subpeaks comparable to the IIA and IIB fractions obtained by von Ehrenstein and Dais.'2 These fractions will be designated sRNALeu IIA and sRNALeU IIB1 Table 4 shows the more complete physical resolution of the differential charging of E. coli sRNA with leucine by a yeast activating enzyme. A comparison is presented of the charging of the four CCD-separated leucine sRNA's by the homologous E. coli and the heterologous yeast enzyme. The yeast enzyme charges primarily sRNA Leu IBand to a lesser extent sRNALeU IA. As expected, it does not significantly charge either of the other two leucine sRNA's. The disparity observed in the amount of charging of peak IA and IB by the yeast and E. coli enzymes probably reflects the heterogeneity in these CCD fractions that was suggested by the CCD profile. Conditions and procedures as in Table 1 , except that leucine was substituted for serine. The isolation of the sRNA samples by CCD has been reported. 2 The coding characteristics offour leucine sRNA's isolated by CCD: Several mRNA codons have been suggested for leucine: C2U, U2C, U2G, and U3.14. 15 Individual leucine sRNA's have been assigned the U3, U2G, and a general UC-containing codon. We have used the four leucine sRNA fractions to extend the coding assignments for specific leucine sRNA's. Table 5 summarizes the results of coding experiments with these four fractions. Leucine polymerization from sRNALu IA and sRNALeu IB occurred only under poly UC stimulation. No polymerization occurred with poly UG or poly U alone. In confirmation of an earlier study,'2 the sRNALeu IIA responded with U-containing polynucleotides, and even with poly U alone. The extent of leucine incorporation into polypeptide from sRNALeu IIB was twice as great with poly UG as with poly U; no incorporation took place with poly UC.
Since both the peak IA and peak IB fractions responded only to UC-containing templates, one sRNA fraction might correspond to the postulated U2C codon, the other fraction to C2U. The data in Table 6 suggest that this is the case. This table compares the incorporation of leucine into polypeptide from sRNALeu IA and sRNALeu IB in the presence of various UC copolynucleotides. Peaks IA and IB were charged with C'4-leucine and tested separately with each of the five UC copolymers indicated. The ratio of cpm leucine incorporation from IB versus IA shows Reaction mixture as in Table 3 except that leucine was substituted for serine. Each tube contained 10 jog of the polynucleotide indicated. Incubation at 350 for 30 min. The specific activity of leucine was 110 jc/jomole.
that U-rich copolymers stimulate preferentially leucine incorporation from sRNALeu IA. A trend of preferred stimulation of leucine incorporation from sRNALeu IB is indicated for C-rich copolymers. Similar data were obtained when the two fractions, one charged with tritiated, the other with C14-leucine, were added simultaneously to a S-30 along with different UC copolymers. It would thus seem that sRNALeu IA corresponds to the U2C code assignment for leucine; sRNALeu IB fits the C2U designation. Conditions and methods as in Table 3 , except that leucine was substituted for serine. Each assay contained either 2850 cpm Cl4-leucyl-sRNALeu IA or 5380 cpm C14-leucyl-sRNALeu IB. Saturating levels of polynucleotide were established using unfractionated C14-leucyl-sRNA under conditions specified in Table 3 , at 35°. The following amounts of poly UC were used (increasing C content): 10, 20, 20, 40, 60 Ag. The reaction was terminated with carrier polyproline + 20% TCA22 and digested at 900 for 15 min.
The precipitate was processed as before. The specific activity of the C4-leucine was 110 jc/iUmole.
Comments and Summary.-The partial charging of E. coli sRNA by a yeast activating enzyme, as compared with E. coli enzyme for certain amino acids can now be further explained. When there are multiple sRNA's for a particular amino acid, an activating enzyme from a different organism, frequently, can recognize some, but not all, of these sRNA forms. In the case of yeast enzyme charging E. coli sRNA with serine, only three quarters of the total serine sRNA fraction is charged by the heterologous enzyme. When the E. coli sRNA is fractionated by CCD, two distinct peaks of serine sRNA activity can be resolved. The yeast enzyme charges one of these peaks completely, but only about half of the second peak. This suggests that in the second peak there is a third serine sRNA, about one quarter of the total serine sRNA, which is not recognized by the yeast enzyme.
The The crystallization of trypsinogen and its activation by trypsin to yield more trypsin were first described long ago by Kunitz and Northrop.1 Although crystalline trypsinogen has been used in many studies since then, the autocatalytic nature of its activation has added to the difficulties of such work, and in particular has prevented the preparation of material of outstanding purity. It may, therefore, be of interest to describe a new method for the crystallization of trypsinogen, which is very simple and easy to carry out, permits several recrystallizations, and gives a product practically free from extraneous salts.
Method of Crystallization.-Crystals of trypsinogen form on the addition of methanol or ethanol to the pancreatic extract, commonly referred to as Northrop's "precipitate A,"2 at pH 7.0-8.0; or, still better, from this material after the removal of chymotrypsinogen.3 A typical example follows.
One hundred gm of "0.7 trypsinogen cake" (see ref. 3) were dissolved in 300 ml of water and 105 ml of 95 per cent ethanol. The pH level was made 7.5 with 5 N NaOH. After standing about 30 min the solution was filtered with celite through a large suction funnel. Thereafter, the filtrate was made 30-33 per cent (by volume) with respect to ethanol, preferably seeded with trypsinogen crystals, and then stored in a refrigerator at about 4°. After about 3 days the crystals were filtered with suction onto hard paper, washed liberally with cold 33 per cent ethanol, then (very rapidly) with ethanol, ethanol-ether (1: 1), and finally with ether. The crystals were dried in the air, then in vacuum at ca. 550 over anhydrous CaSO4. The yield was 11.3 gm. A further quantity of crystals (2.0 gm) was obtained by allowing the alcoholic filtrate (not including the washings) to stand at 40 for another 3-day period.
Recrystallization has been made as many as 3 successive times; there seems no reason why more are not feasible, but the risk of losing the material becomes greater each time. The method of recrystallization was as follows: about 1 gm of the dried first crystals (or an approximately equal quantity of any moist crystalline fraction that has been washed free of mother liquor with cold 33 per cent ethanol) was suspended in about 100 ml of 25 per cent ethanol. HCl (1 N) was added to pH 3.5 and this pH level maintained until no more protein appeared to dissolve. Any insoluble material was spun out in the centrifuge and discarded. The solution was then made one third ethanol by volume, about 1 ml per 100 of saturated ammonium sulfate solution added, and the pH then adjusted to 7.5 with NaOH. Any further precipitate was filtered off (with celite) or centrifuged down, as quickly as possible.
